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ABSTRACT

SYNCHRONIZATION OF AIR DEFENSE ASSETS
IN THE CORPS AREA OF OPERATIONS:

THE CORPS ADA BRIGADE COBANDER'S DILeMA
by Major Joseph S. Drelling, USA. 46 pages

This paper examines the AirLand battle tenet of
synchronization and its application to air defense within
the corps area of operations. Specifically, this paper
addresses the changes occurring in tactical air defense
units at corps and division level and the problems
associated with effectively synchronizing these assets.
Also examined are the problems inherent with trying to
synchronize corps air defense operations with those Deang
conducted in the corps area by agencies outside of corps.
These agencies include air defense forces from sister
services and echelons above corps (EAC) air defense assets.

This monograph first examines an historical example of
successfully synchronized air defense operations. The
historical example discusses air defense operations
immediately following the invasion of Normandy. Next, the
new corps air defense organization is examined and its role
in the synchronization process explained. Finally, two
command and control systems, which could support the corps
ADA brigade commander's efforts, are evaluated.

The paper concludes that air defense operations in the
corps area can be synchronized. Effective synchronization
will require a decentralized C- system utilizing procedurai
controls instead of positive control of air defense fires.
To allow effective synchronization the system will also have
to present an accurate picture of the air battle over. ana
around, the corps area of operations. Finally, it will be
important for both corps and division commanders to retain
full control of their air defense assets so that they can be
fully synchronized with the ground concept of operations.
This is especially true of the high to medium altitude air
defense (HIMAD) assets which will be a part of the corps ADA
brigade.
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I. Introduction.

At the tactical level of war, the air
defense participants have certain objectives
and roles in planning and executing air
defense operations. Air detense conmmanders
consider the factors of METT-T for different
types of theaters and operations to plan and
execute air defense. ADA planning and
operations at the tactical level focus on air
defense of corps and divisions. ADA defends
maneuver units and designated critical assets
within the corps and division sectors ot the
battlefield. To provide air defense. ADA
units fight as members of the combined arms
team in close, deep, and rear operations.'

-FM 44-100, U.S. Army Air Defense Operations

Backaround

Currently, the United States Army Air Defense Artillery

structure within the corps is undergoing a metamorphosis.

The divisional air defense battalions are witnessing a

transrormation in structure and assets. Corps. which had no

orgaric air defense capability, is currently receiving an

air defense brigade which will proviae the commander witn a

capability to protect his critical assets and to reinrorce

divisional air defense assets. The improved capability at

both division and corps level will be significant.

After the cancellation of the SGT YORK Division Air

Defense (DIVAD) Gun program in September 1985. the United

States Army Air Defense School (USAADS) initiated a program
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to modernize the concept of air defense in the forward area.

The concept eventually evolved into the Forward Area Air

Defense System (FAADS), a system of systems. Since the air

defense assets in the division structure were considered

inadequate to face the qualitatively improved threat, the

FAADS concept was developed to correct that deficiency and

carry divisional air defense forward to the 21st century.

But changes at the division level did not solve the corps

commander's air defense problem.

At the corps level air defense assets were nonexistent.

The only air defense assets available within the corps were

at division level. Thus the corps rear area was left

virtually unprotected except for incidental coverage from

theater assets. To resolve this shortfall the corps air

defense brigade was created. This brigade provides the

corps conmmander with his own organic air defense capability.

The corps ADA brigade will be used to reinforce the

divisional air defense battaliuns or to protect other assets

as defined by corps. To meet the requirements of our

AirLand Battle doctrine both corps and division air defense

assets must be able to fight a synchronized battle with both

air and maneuver forces.

Within the corps area of operations a variety of air

defense assets will require effective synchronization.

These assets will include a minimum of two divisional FAADS

battalions, the corps air defense brigade, and possibly some

theater assets located within the corps sector. By its
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nature the air battle is inherently a joint operation. On

top of the ground based air defense assets in the corps area

lie the U.S. Air Force assets dedicated to fighting the air

battle. Thus. the goal of this monograph is to answer the

following question: Can the Air Defense assets in the corps

area of operations be effectively synchronized?

I will attempt to answer this question by first

examining how the air defense assets at Normandy beach were

organized and synchronized. Then I will compare the

structure from the Second World War to the structure being

employed in the heavy corps today and evaluate how

effectively the current structure will be able to

synchronize the air battle. Finally. I will evaluate two

fire distribution systems which could be utilized to help

synchronize the efforts of all air defense assets in the

corps area. The. systems to be evaluated will include one

centralized and one decentralized system. As appropriate, I

will discuss the application of automation within the

systems and explain how it could assist the effort.

Finally, I will summarize my conclusions and recommend the

system which I feel will best aid the corps air defense

assets in synchronizing the alr battle.

3



Synchronization

Firic it is necessary to clarify synchronization. Our

curront operations manual uses the following definition:

"Synchronization is the arrangement of
battlefield activities in time, space, and
purpose to produce maximum relative combat
power at the decisive point."

-FM 100-5, Operations-

To be accomplished effectively, synchronization requires a

command and control system, a commonly understood concept of

operation, and flexibility to adapt to unexpected changes in

the operation. When applied to air defense operations

synchronization is required in two arenas. First, the air

defense effort must be synchronized with the ground effort.

Without adequate synchronization the ground forces may face

heavy attrition from massed air attacks. Due to the limited

quantity of air defense assets available the commander will

have to identify the critical time and place to position

the air defense assets he does have; there are insufficient

assets available to protect everything. Second. the various

air defense assets themselves must be synchronized to fight

the air battle effectively. This includes all Army air

defense assets from the short range assets in the forward

area to the medium-to-high altitude assets in the rear area.

Additionally, this includes Air Force assets dedicated to

fighting the air battle.

From the corps perspective only a portion of these

assets wall fall within the corps area of operations. The

4



only dedicated air defense assets the corps commander can be

assured of having are those controlled by his corps ADA

brigade. The subordinate divisions will have their own

dedicated FAADS battalions which will support their division

commanders' priorities. Theater high-to-medium altitude air

defense (HIMAD) assets may lie within the corps boundaries

but will not necessarily be controlled by the corps

commander; some theater HIMAD assets will be reinforcing

corps ADA assets. Air bases generally lie in the

communications zone (COMMZ) behind the corps rear boundary

but Air Force assets can be expected to fight part of the

air battle in the sKies over the corps area. Though

coordination is required to synchronize these assets

effectively, the corps commander does not directly control

air force assets fighting in his area.

The air-ground coordination problem is not new. As we

will see, the problems of synchronizing a variety of air

defense weapon systems using a common airspace during the

Second World War parallel those of today.



II. Historical Perspective.

31 August 1861: "The Washington Artillery of
New Orleans fires on a Union observation
balloon over Ball's Cross Roads, near
Washington, forcing the balloon down.'"-

-First recorded successful air defense
engagement

Normdndv Landirrias

One of the largest concentrations of air defense torces

ever assembled for a single purpose occurred in the vicinity

ot the Cotentin PeninsuLia and Normandy landings starting on

6 June 1944. D-Day. First Army conducted its amphibious

landings on Omaha Beach and on Utah beach. Realizing that

the forces on the beaches would be vulnerable to air

attacks, the planners "established an air defense umbrella

of fighter aircraft over the beachheads and began landing

AAA (antiaircratt artillery) during initial assault waves. '

First Army's organic AAA was the 49tin AAA brigade. The

brigade included "the 18-,, 16'-" 1w-' and 20'-1, AAA Groups,

and 29 battalions."', Not only did AAA units land dt the

beachheads Dut two AAA battalions, the 8vj'- and ji'

Airborne AAA Battalions, "landed inland from Utah Beach with

the 62'' and 181-1 Airborne tivisions."'- By i August 1944

the 7AA issetc -,n the Nrman dy hnpi hh.~d a nr otpnrin

tie r,~ l l l il l( r.|r.4, 1' , 1:1 1 . ,.iml ti~ii ,(J.0 w I i l ,

o(t tie .381'1 AAA Brigade which was supporting the newly

easdDl ishod [1n1r', Army,
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On I August 1944. Third Army's 3811, AAA Brigade had

"seven Antiaircraft Artillery Gioups, six Antiaircrart

Artillery Gun Battalions, eight Antiaircrart tekr-

propelled) Battalions and seventeen Antiaircrart Automatic

Weapon Battalions assigned or earmarked for assignment. ''

The AAA groups included the 7 23-1. 24L. 27'-0 j4Lk

i13 r-". and 207'-1. Though the 381-1 AAA Brigade was larger

than First Army's 491- , AAA Brigade, seventeen battalions

trom the 381kl AAA Brigade were attached to First Army's AAA

brigade ror initial operations on the continent. ,-, As

heavily laden with AAA assets as the First and Third Armies

appeared. the picture is not complete without considering

the Ninth Air Force AAA assets.

During the invasion. Ninth Air Force had the 9LL Air

Defense Command tADC) to oversee its AAA operations. The

91'- ADC initially consisted or the 510- and the 52'''- AAA

Brigades. Eventually, the 9'-" Abc' would have assigne to

it: (1) up to eight AAA brigades, with attached AAA groups.

battalions, and operations detachments: (2) the 71- Fighter

Wing (a part of the command headquarters) and two U.S. night

fighter squadrons; (3) two signal air warning battalions and

two fighter control squadrons.9 The control and effective

synchronization of this vast armada of air defense was a

difficult challenge to meet.

_ mmm mn m |I I~l • 7



AAA Structure and Comand Relationships

To gain a proper perspective of the control of AAA

assets, it is important to examine the AAA structure within

the armies, corps, and divisions during World War II (WWII).

The army was "the fundamental ground force unit of strategic

maneuver and ... the largest self contained ground unit.'"'1

However, the composition of the army was "not fixed but ...

determined by the particular mission it [was) assigned and

the specific situations in which it (was to] be involved."''

This explains the dirferences in composition between tne

First and Third Armies* AAA Brigades. Prior to the invasion

of Europe, Headquarters, European Theater of Operations

(ETO) used the following planning factors for allocating AAA

units within subordinate armies:

Per Division - I AAA Automatic Weapons (AW) Bn

Per Corps - i AAA Group HQ & HQ Btry
I AAA Gun Bn
2 AAA AW bns

Per Army - 1 AAA Brigade Hq & Hq Btry
3 AAA Group Hq & Hq Btrys
2 AAA Gun Bns
6 AAA AW Bns

-Third Army After Action Report"

The AAA unit chain of command varied from command to

command. AAA units assigned to fighter commands followed

a



the chain of command below:

Fighter command
Antiaircraft artillery command
Regional antiaircraft artillery command

(usually a-brigade)
Groups
Battalions

-FM 4-100. Antiaircraft Artilleryl'

This type of chain of command was followed by the 9t-h Air

Defense Command in the Ninth Air Force. The 9"h Air Detense

Command "provided air detense or the conmvunications zone. "1- 4

By agreement between the Ninth Air Force commander dnd the

12", Army Group commander all active airfields were included

in the communications zone.

For AAA units assigned to an army or corps the chain of

command was completely different. The command concept was

briefly described in the 1943 version of FM 4-100,

Antiaircraft Artillery, as follows:

"There is no direct chain of AAA command
extending from an army to its component corps:
that is, instructions originating within an
army for corps AAA will be directed in the
name of the army commander to the corps
commander who will be responsible for issuing
appropriate orders to his AAA."'-,

Thus. all of the AAA units assigned within an army did

not have a direct chain of command from the AAA brigade at

army level down to the individual firing units. All AAA

assets assigned to a level of command (ie: corps) did have a

9



complete chain of command. The problem was that there was

no functional linkage between AAA headquarters at-different

levels of command (ie: army and corps). See figure *1,

below, for a diagram of the AAA command structure. The AAA

brigade at army level directly controlled only the AAA

groups which remained at army level. The AAA groups which

were attached to subordinate corps headquarters were,

effectively, separate organizations. The AAA group at corps

only controlled the AAA battalions which remained at corps

level. The AAA battalions attached to division level were

also separate organizations. Generally. the chain of

command was complete from the AAA battalion level down to

the individual firing units. The chain of command above

battalion level was dependent on the organizational

structure of the supported unit.

10
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While the AAA chain of command did not directly connect

the entire AAA structure within the army, the brigade

commander was still responsible for coordination of all AAA

assets within the army. "Antiaircraft command and control

remained under the Army chain of command through brigade to

units, with close coordination being exercised with the

fighter wing at the fighter control center.'" Thus, the

AAA brigade was a key coordination element for the Army

commander. As today, the brigade commander was also

responsible to act as a special staff officer for the

supported force (Army then. Corps today) commander.

Synchronization of Army and Ninth Air Force AAA Assets

A major problem which had to be solved following the

landings on 6 June 1944 was the synchronization of the Ninth

Air Force and 12th Army Group AAA assets. Prior to the

invasion the IX ADC had been responsible for the defense of

the Ninth Air Force bases in England. This did not become a

problem until the bases were forward deployed onto the

continent and into army areas. The question was quickly

raised concerning who would control the AAA assets defending

the airbases; IX ADC or the local AAA ground forces. Due to

the scale of the problem, the resolution of this issue

required a decision from the highest levels. "This issue

was ultimately decided on 19 January 1945. when SHAEF

instructed that an Army Group Rear Air Boundary be

established, that the army assume responsibility for the air

12



defense of all installations forward of that boundary and

that IX Air Defense Command be responsible for the air

defense of all installations rear of the boundary.' 1 7

Though resolved by command decision, the resolution of the

AAA control problem led to an early form airspace

management. But the Army Group Rear Air Boundary did not

fully resolve the synchronization problem.

Synchronization requires a coordinated effort.

Effective synchronization of AAA units during WWII required

an early warning net and coordinated engagement procedures.

The early warning during WWII was primarily provided by the

Aircraft Warning Service (AWS), a system supported by the

Signal Corps. The mission of the AWS was "to supply early

information of enemy aircraft in the form desired by the

interceptor commander.'l e Though the AWS was directly

subordinate to the Air Force interceptor command, the AWS

did have an army Antiaircraft Artillery Officer assigned to

its Information Center. His primary purpose was to provide

liaison between the Air Force and army AAA forces. This

included passing AAA unit locations, antiaircraft artillery

information service data. aircraft track information. and

control measures. The AAA officer was also there to advise

the Information Center regarding control measures for AAA

assets. The AWS helped to coordinate engagement procedures

between the Air Force and AAA units.

The AAA officer working in the AWS Information Center

13



performed a variety or services which helped to synchronize

the efforts of AAA units and IX Air Force. He was the

direct link between AAA assets and Air Force assets. To

help synchronize air defense efforts, the AAA officer worked

in close cooperation with the Controller in the AWS

Information Center. Airspace management techniques could be

coordinated in advance and modified when necessary. With

his direct communication to AAA assets, the AAA officer

could help these forces to be more responsive to changes in

the air battle. Through the use of coordinated airspace

management techniques and early warning the AAA officer

could also help to reduce potential fratricide.

The controller was the air force interceptor

commander's representative and the tactical commander of his

region while he was on duty. He was responsible ror all

assigned or attached interceptor alrcrart and AAA weapons in

his region except for thnse assigned to grouni rorce

headquarters. The controller was responsible for the

defense of a given airspace (region) and allocated targets

that entered that airspace to the various air defense assets

under his control.

Though not his primary mission, the AAA otficer could

ne used to help synctironize Air Force air derense efrorts

with the ground battle. The AAA officer had the

communications necessary to coordinate directly with army

AAA forces which, in turn, could coordinate with their

associated ground force commander. While the Aircraft

14



Warning Service was not perfect, it did help to synchronize

air derense efforts between air and ground elements.

Syncnronizarion of Army AAA Assets

Though the AAA forces of World War II did not have to

work with today's air defense missile systems. the

synchronization problems were similar. World War 11 AAA

forces consisted of four types or batralions: gun. automatic

weapouls, Retr'cht1glt, dnd barrdge balloon. - Gun battalions

were equipped with either the 90MM M2 or the 120MM MI and

were responsible for high altitude aircrart up to

approximately 40,000 and 57,000 feet respectively. The gun

battalions were the high-to-medium altitude air defense

tHIMAD) of their time. The automatic weapons bdttdlions

were responsible for the tow altitude short range air

defense (SHORADn. Barrage balloon battalions were

responsible for low and very-low altitude derense or

specific assets. Searchlight battalions provided

illumination for night AAA gun and night fighter aircrart

engagements.

the senior force AAA commander was responsible for the

coordination of all subordinate AAA assets At army level

this was the AAA Brigade Commander. As previously

discussed, the brigade commander did not have a direct chain

of command which cnnnected a]l sI hvrdLnarte AAA cimsl:s FM

15



4-100 summarized the brigade commander's responsibilities as

fol lows-,

"The AA brigadte rronmander is responsible for
the tactical employment ot the troops ,Ind~r
hiM C'rMa fnd L11.i" I ptd I .pe ldrirns tim keV'pS

himseir lnrormotd dS to tile miiu-l(T ton or hir
own and enemy torces He is respinnsilbte fo'r
coordination of the tnissions dnd d1SpOstiotis
of the groups and t ta irons itirider his

command. ":,-,

Beina the senior AAA (-,trt(' r in tr . C irtm.v rhP t)r IC:laItP

commander wdA rlie AA orriter cir the rny A,-; t ie AAA

officer of the arliy, the hriuadde t'ml|ttiritler Wi. t Mie C r r(Iy

commander's primary advIso n)n AAA matters 6r1n wd,.

"responsible for the ccc,ro ra(,t,)n ad coflf ('r J, a I MA

units in the army."-, This respon sibi ity in c i( ie(i t.,it ti

assigned and att-iched units Other Statedc resporltlI it 10-,

which allowed the brilarle rommander r- he'cimre rha pr trmry

AAA synchronizer in the army were:

( I Pri rl dr es ptirI C r,,r r r tii 1S ,1,(t
o(r d 1" rl 1il-l 1.111 t~r AAAL o tli t t, I I ()I 1l1o 4I!1I1l 1

P. I men r s r,t AA Ir r- rl., e t,' r I 1,1'I I\.'- 11'l

PdSS$IVP~

k ) In cooper r I i on wirh ttp n]) c r ,,tt - 't-r

and or ner members 1 r t (- i-f- I n I "It ,i V t
prepares plans for (eonrd i nar ivr n it dcJr 1- 1t I.P

of aviation with thome nt al I ejmAnt, ir rtlita
ground AA defense.

t3) Coordinates the dcttvit ies cir rie Antir -

Aircraft Artillery 1nteli gence e -vIrO.
(AAAIS) within the army and with adjavenr
units.

(4) In conjunction with triendly aviation.
prepares recognition codes and establishes
routes of approach frr recnan-izing friendly
aviation thdt must pas.,q river areas itefended ty
AAA.

• • • = I I I I I



-FM 4-Lo ao , Ant:idirof'drt: Arr i lery..

Thus the brigade commander was the rocal point of army

AAA synchronization forward or the army group rear biutidiiry.

He was responsible to ensure that detailed coordination took

place between the AAA forces and the ground and air forces.

This coordination included allocation of forces.

identification of rules or enaageme.nt 4RtUE). and threat

information. Based on the army commander's plan the AAA

defense plan would "provide for the attachment of AAA to the

various corps. the remainder rneinq held tinder army controL

It Iwotildj specify missions or the army AAA and the rear

limits of the areas or elements assigned to the AAA or tne

several corps. ''-- This allowed the AAA brigade commander to

mass the AAA assets in the Army in support or the groun,1

maneuver plan. While not directly commanding the AAA

assets. the origade commander was able to influence the

missions assigned to all army AAA assets.

Svnchronzzacion ,,r WWZZ 'orps AAA Assets

Within the corps, the senior air derense commander was

normally the AAA group commander. His responsibijitis

paralleled the AAA brigade commadriler's dt army tevel 111

group commander synchronized the AAA assets within the corps

area of operation. by assigning them complementary missions

while massing assets at critical areds, fls

17



synchronization was accomplished through the Antiaircraft

(AA) Defense Plan which was issued as an annex to the corps

operations order.

The AA defense plan addressed all areas necessary for

effective AA planning. Some of the key areas included: 1)

enemy aviation. 2) friendly troops taviation and AAA). 3)

AAA fire. 4j passive defense, and 5) early warning-. This

plan included specific subparagraphs for corps AAA units and

division AAA units. Though the AAA group commander did not

command the divisional AAA battalions. he did influence

their missions through the AA derense annex to the corps

operations order. Thus all orders to subordinate AAA units

were made via the corps commander instead of through a

separate AAA chain of command.

For example, within a corps area of concentration the

corps AAA weapons were synchronized by spiitring

responsibility for protection based on the altitude of the

threat aircraft . The guns provided protection against hign

flying observation aircraft and the automatic weapons

provided protection against low flying aircraft ana dive

bombing attacks.-- Corps AAA assets could be used to

reinrorce divisional AAA assets or to perform complementary

missions in support of the divisions. Though not labeled

synchronization. these efforts attempted to arrange AAA

assets in time and space to produce maximum combat power at

the decisive point.

Another aspect of AAA zy-nchronization was the system

used to provide AAA eariy warning information. The
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Antiaircraft Artillery Intelligence Service (AAAIS) was

supervised by the AAA Searchlight battalion commander.;

The AAAIS was the early warning system used to provide

tactical early warning information to AAA units. Besides

passing aircraft track information to army AAA units, the

AAAIS also shared warning information with the Aircraft

Warning Service which primarily supported air rorce air

defense efforts. The early warning provided by the AWS was

primarily at an operational and strategic level. Early

warning of both hostile and friendly aircraft is critical to

the synchronization effort. During WWII, as is still true

today, some type of early warning network is required.

Without an early warning system air defense effectiveness

would be based primarily on the abilities of the individual

crews to acquire targets early, properly identity rriend

versus foe, and engage if hostile.

Witn this understanding of air defense operations

during the Second World War it will be easier to recognize

the parallels in today's air defense organization. Today s

corps air defense brigade commander faces challenges similar

to those faced by his counterpart in the 1940's. As we will

see, today's corps air defense structure bears a strong

resemblance to the AAA structurA of yesterday.
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III. Synchronization of Today's

Corps Air Defense Assets.

Current Corps ADA Command and Control Structure

The corps air defense brigade coming online today is

being structured in the same fashion as the AAA group that

was attached to corps during World War I. The corps

brigade will be an evolving structure through the turn of

the century but will include a combination of high-to-medium

altitude air defense (HIMAD) and short range air defense

(SHORAD) battalions. All battalions in the corps brigade

will be directly subordinate to the brigade without an

intermediate group headquarters as existed in WWII. Under

the proposed structure the corps ADA brigade would include a

headquarters and headquarters battery, three pedestal

mounted stinger battalions, a chaparral battalion, and a

hawk battalion. Initially, the hawk battalion will be the

only asset controlled by the corps commander which will

provide HIMAD coverage. Following the turn of the century.

the corps ADA brigade will eventually include three mobile

surface to air missile (MSAM) battalions. The MSAM

battalions will replace several of the battalions in the

brigade and will have a HIMAD capability. All of these

assets will be new to the corps.

Identical to the air defense structure of the 1940's,

the corps air defense brigade will not include the

divisional air defense battalions. The FAADS battalion in
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each division will be directly controlled by the division commander. Though the corps

ADA brigade commander does not command the divisional FAADS battalions, he will still

be responsible for their coordination as a part of the overall air defense effort in the corps.

The C2 control structure of air defense within corps is shown in Figure #2 below:

xxxx
JOINT
FORCE

HQ

AIR FOCE CORPS HO

ADA BDE DIV HQ

ADA BNFAADS BN

C 2 Authority Coordination

FIGURE #2: CORPS AIR DEFENSE C2 STRUCTURE
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Synchronization with EAC and Joint Air Defense Assets

Though the corps ADA brigade, being the senior air

defense element, is the air defense proponent for the corps.

it is not normally the senior controlling authority for air

defense fires. Within a unified command overall

responsibility for air defense would normally be assigned to

the joint force air component commander (JFACC). The JFACC

would be designated the Area Air Defense Commander (AADC).

All air defense assets within the unified command are

subordinate to the AADC. This would include joint air-to-

air and surface-to-air assets. "The AADC or his designated

representative establishes air defense command and control

procedures.'" 7  Two of the measures used by the AADC to

control air defense fires are rules of engagement (ROE) and

weapons control status. Normally, the AADC determines the

weapons control status for all fixed wing aircraft and

delegates the authority for establishing rotary-wing weapons

control status to the maneuver force commander.*- , All air

defense assets within the theater, to include ADA assets

assigned to corps and division, must operate within these

constraints. The ROE and weapons control status define when

air defense systems can engage hostile aircraft. If the

corps commander disagrees with the determinations made by

the AADC then he can change the control measures to a more

restrictive level. The corps commander cannot lower the

control measures to a level less restrictive than that

defined by the AADC. The control measures established by
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the AADC help to synchronize air defense efforts throughout

the theater.

A variety of airspace control measures are als6 used to

help synchronize air defense efforts within a theater. The

following four airspace control measures are key to air

defense operations within the corps area of operations:

positive control, procedural control, fighter engagement

zone (FEZ). and missile engagement zone (MEZ). Positive

control relies on positive identification. tracking, and

direction of aircraft within a given airspace: it is

conducted with electronic means.29 Conversely, procedural

control relies on a combination of previously agreed and

promulgated orders and procedures.JO Normally, positive

control is exercised on all HIMAD assets in a mature

theater. For ADA assets this means that targets are

assigned, by a centralized authority, to specific units for

tracking and possible engagement. Positive control also

requires that the HIMAD unit be given authorization to fire

before engaging any aircraft (except in self-defense).

Procedural control is a more decentralized form of operation

and control. Fighter engagement zones and missile

engagement zones are designated airspaces within which only

the responsible system, either missiles or fighters, may

engage aircraft. All four of these airspace control

measures may affect air defense operations within a corps

area.

For effective synchronization, the location of the
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Corps ADA brigade HIMAD assets must be properly coordinated

with the AADC. For these HIMAD assets to be of value to the

Corps commander they must be responsive to his requirements.

Thus it is imperative that the corps commander retain

command, as defined in JCS Pub 1. of these assets. A key

consideration of this is that the corps commander must be

able to position his HIMAD assets where they will best

support his concept of operations. This requires

synchronization with EAC HIMAD assets controlled by the

AADC. The corps ADA brigade commander must coordinate witn

the AADC to ensure that the AADC is aware of where the corps

HIMAD assets are positioned. In turn. the AAUC will be able

to adjust the locations of his EAC HIMAD assets to take

advantage of the corps HIMAD coverage. This synchronization

will prevent unintentional duplication of coverage. I1h1s

same coordination is necessary when the corps is moved tn a

new area of operations. When the corps moves, either tne

replacing corps HIMAD assets will assume responsib:ility ror

the coverage or the EAC HIMA' assets will have to be

adjusted to fill the void.

Synchronization or Corp Air Detense Assets

Today the primary responsibility for the

synchronization of air defense within the corps area of

operations lies with the corps ADA brigade commander. The

brigade commander plays two primary roles, both of wnich

influence synchronization. He is the commander or forces



assigned to the corps ADA brigade and he is the air defense

coordinator (ADCOORD), or special staff officer, for the

corps commander. As the brigade commander he is responsible

for task organizing his torces and assigning them missions;

coordinatina air defense planning with echelons above corps

iEAC) ADA assets: and coordinating air defense planning

with both adjacent corps ADA assets and subordinate

divisional assets. As the ADCOORD he is responsible tor

coordination with joint air defense assets: recommending

otfens ie and derensive counter air priorities: and the

nverall coordination ot corps ADA. Ihese responsibilities

require him to coordinate with the following:

-Joint Forces Air Component Commander (JFACC)
-Tactical Air Control Center (TACC)
-Battlefield Coordination Element (BCE)
-Theater Army Air Defense Command tTAADCOM)
-Corps Commander/G-3
-Adjacent Corps ADA Brigade Commanders
-Subordinate Divisional FAADS Battalion Commanders

-FM 44-100. U.S. Army Air Defense Operations-'

There are a number of speciric functions which the

brigade commander must accomplish to synchronize air defense

operations errectively within the corps ared. Probably tne

most important of all is to recommend and execute the corps

air defense plan. To develop this plan properly requires

extensive cnordination as described in the previous

paragrapn A second runction would be to command anI

control dssiIrIed tinltr: inherent in synchronization is the

requirement rot a tlinct lomld I cr mnand and cmI)n V'rol system.
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Third. IntluAnce and execute the airspace control plan: this

would require detailed coordination with joint and EAC air

defense asamb. FoUrth. Influence the ground course ot

action: this ensures synchronization of the air defense

effort with the close, deep, and rear battles. Fifth.

provide early warning to ADA units and air raid warning to

other corps units: critical to any successful effort.

Sixth, coordinate with the divisional air derense

battalions: key to successful execution of the overall corps

air defense plan. These synchronizing rtunct ions are viewed

as a major part or the overall responsibilil ies "r t:heo Als

brigade commander.-

pynchronizina Corps ADA Briaade & Divisionai FAADS Sdtritonl

Since the divisional FAADS bartalions do not rali utndler

the control of the Corps ADA brigade. but do opprats iti th

corps area of operations. their operations require directI

coordination. It is imperative that air derense operations

at corps and division level be synchronized. To effect this

synchronization, the brigade commander must understana tne

concept of operations in the corps area. By thoroughly

understanding the corps commander's intent, the brigaue

commander can properly coordinate with the divisional FAAD)

battalion commanders to ensure that the concept or

operations is properly supported. rhe brigade commander can

weight the main effort with additional air derense assets or
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use his assets to fill gaps unable to be covered by

divisional assets. The ADA brigade commander explains his

concept of air defense operations in the air derense annex

of the corps operations order.

Effective synchronization of air defense assets within

the corps area of operations is a difficult challenge which

requires a considerable effort by the brigade commander.

['o be effective he must ensure that the corps air defense

forces have no duplication of effort, are responsive to

changes in the air battle, effectively operate against low

and medium-high altitude threats, and ensure adequate

coverage of the commanders' (corps and division) priorities.

To be able to accomplish this monumental task he needs a

command and control system which will support these

requirements and help him to tight the air battle

efficiently.

While synchronizing the ADA assets with the corps

ground maneuver plan the ADA brigade commander can also

support a corps deception plan. One example of this might

be to take advantage of the fact that the 20MM Vulcan is

organic only to the divisional battalions. By positioning a

division's Vulcans in an area separate from the division,

air defense assets could be used to deceive the enemy as to

the location of a division. Of course, the corps brigade

would have to assume responsibility for air defense coverage

of the division from which the Vulcans were removed.
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IV. Command and Control Systems.

There are two primary approaches to solving the

synchronization problem faced by the ADA brigade commander.

The first is to have a fully centralized CL system with

positive control over all ADA weapon systems in the corps

area of operations. The second is to use a C" system which

is decentralized and based primarily on procedural controls.

Either system will have to meet requirements for

responsiveness, ability to handle the threat, and early

warning. Also, any CL system should be easily supportabie

in the field and require a minimum of resources.

Theoretical Considerations

Command and control systems exist on the battlefield to

help reduce what Carl von Clausewitz identified as friction,

chance, and the fog of war. These three concepts interact

to test the commander's will and to prevent operations from

being executed as planned. If not properly considered,

these concepts can prevent effective synchronization.

Clausewitz described friction as, "Countless minor

incidents -- the kind you can never really forsee -- combine

to lower the general level of performance. so that one

always falls far short of the intended goal." 33 Due to its

nature, friction can never be eliminated but it can be

overcome. To help overcome friction the commander must be

aware of what friction is doing to ]-is operation. An
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effective C1 system can keep the commander aware of how

friction is hindering his efforts and allow him to correct

for it.

The fog of war is caused by a combination of chance and

uncertainty. Clausewitz wrote that, "War is the realm of

uncertainty; three quarters of the factors on which action

in war is based are wrapped in a tog of greater or lesser

uncertainty. "'  He also wrote that. "Chance makes

everything more uncertain and interferes with the whole

course of events."aa; Clausewitz did not directly link

friction with uncertainty but it is clear that friction is

one cause of uncertainty. The only way to totally overcome

this fog of war is to obtain perfect information. Though no

C' system will provide perfect information, the commander

needs the best picture of the battle that he can reasonably

obtain. That picture needs to provide relevant information

on both friendly and threat forces and activities.

The Threat

The air threat the corps commander faces is

multifaceted. It includes high performance fixed wing

aircraft, stealth aircraft, electronic countermeasures (ECMi

aircraft, remotely piloted vehicles (RPVs). attack

helicopters, tactical ballistic missiles (TBMsi, airborne

operations, and airmobile operations. Across the corps area

of operations the air threat is not homogeneous. FM 44-100

briefly describes five unique zones in the corps area of
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operations (See Appendix Aj. The type of operations and air

threat vary within each zone. The five zones in the corps

area of operations include:

Deep Combat Zone
Close Combat Zone
Brigade Rear Zone
Division Rear Zone
Corps Rear Zone

Though these zones are described in a linear fashion, they

provide a conceptual framework for understanding the air

battle over the corps area. The concepts would also apply

to a nonlinear AirLand battlefield.

The deep combat zone. which includes all operations

beyond the forward edge of the battle area (FEBA), is

characterized by highly mobile operations. The primary air

threat in this zone is the attack helicopter: fixed wing

aircraft are also a threat but to a lesser degree. Threat

air operations in the deep combat zone will primarily be

focused on our armored vehicles, attack helicopters, and

sustainment capabilities.

The forward area is broken into two zones: the close

combat zone and the brigade rear zone. The close combat

zone extends back approximately five kilometers from the

FEBA. generally contains highly mobile operations. and has

the attack helicopter as the primary threat. The brigade

rear zone, also known as a part of the division forward

area, extends from the close battle zone back to

approximately 15 kilometers behind the FEBA. This zone is

characterized by mobile operations with the primary threat

being fixed wing aircraft whose targets are our C; nodes and



brigade support area(s) (BSA).

The rear area is also broken into two zones: the

division rear zone and the corps rear zone. The division

rear zone extends from the brigade rear zone back to the

division rear boundary: approximately 50 kilometers behind

the FEBA. Operations in this zone generally include

frequent moves. The primary threat remains fixed wing

aircraft: in this zone the targets include reserves,

division support area(s) (DSA), and C2 nodes. The corps

rear zone includes the area from the division rear boundary

to the corps rear boundary: approximately back to 130

kilometers behind the FEBA. Operations in the corps rear

zone include infrequent moves. The primary threat here are

fixed wing aircraft: their targets include theater reserves.

depots, the corps support command (COSCOM), and C nodes.

As can be seen the corps ADA brigade commander must

take a variety of considerations into account in planning

his defense. The command and conLroI :yoi-ai which supports

the brigade commander's efforts must be able to operate

effectively in all five of these zones.

Centralized Command and Control System

A centralized command and control system with positive

control over all ADA systems within the corps area would

probably provide the brigade commander with the most control

but would be difficult to implement. On the positive side,
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the brigade commander would have direct control of all

dedicated air defense assets under this system. To be

effective this system would have to establish an electronic

data link with all ADA assets in the corps area of

operations. This system woutld hav to intearate dil cir

defense sensors, correlate their track inrormation.

identify all tracks, prioritize the threat aircrart. and

then be capable of assigning tracks to fire units. To be

able to assign tracks properly. the system would also have

to be able to pLot all air defense assets with apprciprite

coverages, identiry the operational status of each unit,

and display all current airspace control measures. With

these cdpadvlitles tfe brigade commatider would be able to

ascertain weaknesses in the coverage quickly and adjust unit

responsibliities to correct them. By integrating sensors

distribited throtughont the cnrps area Lhe system Would

provide a detailed picture or the air battle over the corps

area. This system would al Low the commander to assign

tracks to any air deretse d.set inder hi8 control A

centrall7ed system wotild allow the brigade cnmmanler 1-c,

synchronize air aetenso ettorts in the ciose. deep. ana rear

battles in an erfective manner. it should also help to

prevent fratricide by providing positive control over air

defense fires.

With its many advantages, the centralized C- system

still faces some difficult problems. Probably the most

difficult problem to overcome is that the corps does not own

all the air defense assets which may be operating in or over
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its area. Generally, EAC assets positioned within the corps

aren will not be released to the corps commander s control:

similarly, neither will air force assets. Another problem

is that aircraft flying low level or nap of the earth are

difficult to track. Future aircraft, with stealth

technology and other advanced systems, will only aggravate

this problem. Thus it will be exceptionally difficult to

gain a complete air picture and to conduct an effective

centralized battle based solely on that picture. A third

consideration which would inhibit a centralized system would

be the problems associated with maintaining timely dn.x

responsive communications throughout the corps area.

Finally. the system would be vulnerable to both ECM and to

direct attack.

Associated with the communications problem is the

determination of whether an air force asset, an EA. asset. a

corps asset, or a divisional asset would engage d particuldr

hostile track. Normally these assets should De sufficiently

separated. in accordance with a well thought out air derense

plan. so that the problem is minimized. Also. airspace

control measurps such as the flghter engagement zone tFE0i

and the missile entjagemenr zone (MEZ) help rt resnive tnpn-

problems. To resolve any potential ccontlict. the brigane

commander must have ai r"O' t Ln[is. b uth Voi ce dna dyd',. t 'I

h0 r!('nrrr) I I i rl(T r Cfitt r r(r h R ' d r tier#rie .stiuss r Irl tn

case or a conflict between EAC HIMAD assets and corps HIMAD

assets, this link would allow the AADC to make the



determination based on the overall situation. All things

considered, it appears that a centralized C, system with

positive control would be difficult to implement and

unresponsive to low altitude threats over the corps area.

Decentralized Command and Control System

A decentralized C- system using procedural controls

would provide the corps with the most flexible air defense.

This system would place the decision making authority, for

engaging aircraft, at lower levels. All air defense

engagements would be based on predetermined, well defined

procedures and rules of engagement (ROE). The air defense

forces actually conducting the engagements would make the

decision concerning whether or not to fire. The procedures

and rules of engagement would be defined by the AADC and

clarified, as necessary. by the brigade commander. Though

this system would not be as dependent on communications for

fire control, it would still require a picture of the air

battle. This system would also utilize an information

system like that described earlier except that it would not

be used for positive control. The information collected

would help the brigade commander synchronize the air battle,

manage tracks (by exception), provide early warning to air
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defense units, and provide supported units with air raid

warnings. This system would also be responsive to changes

in the air battle because of the flexible nature of

procedural control. Additionally, this system would be more

effective against the low altitude threat common to forward

areas.

A major characteristic of this system is that the

brigade commander does not positively control all air

defense fires. This is not necessarily a disadvantage

though. In the forward area. where the corps will usually

operate, the air threat generally consists of helicopters

and close air support aircraft like the MI-24 Hind and the

SU-25 Frogfoot. These aircraft operate at low level and

generally require a decentralized system to handle

effectively. Due to their low altitude operations they are

difficult to track continuously on radar. This difficulty,

in conjunction with the limited time available for engaging

aircraft in the forward area would confound an air defense

system based strictly on positive control. In forward areas

it is essential that procedural controls be used (as they

are today) to manage air defense fires. If procedural

controls are used concurrently with clear ROE and a good

early warning network. fratricide problems can be minimized.

By providing well thought out procedural controls, effective

early warning, and managing targets only by exception, the

brigade commander can use a decentralized system most

effectively to synchronize the air defense battle.
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V. Conclusions and
Recommendations.

Operating in a complex environment which includes

divisional, corps, EAC, and joint air defense assets, the

corps ADA brigade commander faces a difficult task in trying

to synchronize these assets in the corps area. But the

problem is not new: AAA commanders during the Second World

War faced a similar problem. The main differences then were

that the aircraft flew slower and the surface to air missile

did not exist. The techniques used to synchronize air

defense efforts during the Second World War are still

generally applicable today. Some of those techniques

include airspace management control measures, boundaries,

early warning from long range and short range radars, and

direct coordination between units.

World War II proved that corps reinforcement of

division ADA works. A key to synchronization within the

corps will be the forward positioning of ADA assets the

brigade commander can release while still providing coverage

for corps priorities in the rear area.

Effective synchronization within the corps must start

at the top and work its way down (ie: corps to division).

With today's longer range weapons, faster aircraft, and the

unlikeliness of attaining air superiority, a more effective

C system is required to synchronize air defense assets in

36



the corps area. This system will help to reduce Clausewitz's

fog of war and overcome the friction so common to the

battlefield. To accomplish these tasks, the system must

provide early warning, responsiveness to changes in the air

battle, synchronization with the ground battle, and support

the commander in defense planning. The associated early

warning system must integrate sensors throughout the corps

area and be capable of detecting all aircraft, to include

those using nap of the earth techniques and/or stealth

technology. A reliable aircraft identification system is

also required to prevent fratricide problems. The

identification system must be able to identify army. joint,

allied, and hostile aircraft accurately with a high degree

of confidence.

Today there is an ongoing effort in the air defense

community to resolve the identification problem.

Noncooperative target recognition (NCTR) systems are being

developed and fielded on some of the new air defense weapon

systems. NCTR systems will help bring us closer to the goal

of positive identification of all aircraft. Once a reliable

identification system is fielded with a high degree or

confidence in its capabilities we will be able to use the

concept of the joint engagement zone (JEZ). The JEZ will

allow the same airspace to be used simultaneously by both

missiles and fighters in an air defense role.

The command and control system should be designed to
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interface electronically with both SHORAD and HIMAD army air

defense assets and also with joint assets such as the

airborne warning and control system (AWACS). A capability

to work in a combined operations area would also be

valuable. Due to the nature or the forward area the system

should utilize a decentralized C! system based on procedural

control techniques. This C- system should also be capable

of managing individual tracks, by exception. when necessary.

All air defense assets in the corps area of operations

should be addressed in the corps air defense pidn Ihe

corps ADA brigade commander must coordinate with EAC assets

wnich may either lie in or provide coverage over a portion

of the corps area of operations. He must also integrate

divisional air defense assets into the corps air defense

plan to avoid duplication ot effort and to ensure adequat.e

coverage of the commanders' (both corps and division

priorities. Additionally. the brirTade commander should

include recommendations concerning the use or passive air

derense measures such as camoutiage. dispersion. and

protective construction.

ro synchronize the air defense efforts with the grouna

operations plan. corps and division commanders must retain

command (as defined in JCS Pub 1) of their air derense

assets. This includes the HIMAD battalions assigned to

corps. These assets provide the corps commander with a new

capability to protect his force from aircraft flying out of

the envelop of SHORAD protection. Retaining positional
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control of all organic air defense assets is particularly

essential to responsive air defense of the corps commander's

priorities. This assures the corps commander that the air

defense assets assigned to him will fully support his

concept of operations. To clarify this, it should be

understood that the HIMAD battalions assigned to corps would

still be able to engage targets in accordance with the

procedural controls defined by the AADC but their priority

effort would be to support, and protect, their parent corps.

In conclusion, the AirLand Battle tenet synchronization

requires a concentrated effort by all combat, combat

support. and combat service support forces to ensure that

the maximum relative combat power is placed at the decisive

point. To support this. the complementary nature of

counterair operations must be retained. Inherently.

synchronization includes the eftorts or or all joint and

combined forces assigned to. or in support ot. the

commander. The expanded air defense capability at corps and

dAvllnl can support that ettort, by conductinc synchronized

air derense operations which support the corps scheme or

maneuver. It is our chailenge to ensure that the doctrinal

utilization of these assets provides the best available

protection for the torce.

FTRIT P TFIE !
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GLOSSARY

ACRONIS AND AB.BREVIATIONS

AA antiaircraft
AAA antiaircraft artillery
AAAIS antiaircraft artillery intelligence service
AADC area air defense commander
ADA air defense artillery
ADC air defense command
ADCOORD air defense coordinator
AWACS airborne warning and control system
AWS aircraft warning service
BCE battlefield coordination element
BDE brigade
BN battalion
BSA brigade support area
COMMZ communications zone
COSCOM corps support command
DIVAD division air defense
DSA division support area
EAC echelons above corps
ECM electronic counter-measures
ETO European Theater of Operations
FAADS forward area air defense system
FEBA forward edge of the battle area
FEZ fighter engagement zone
GRP group
HIMAD high-to-medium altitude air defense
HQ headquarters
JEZ joint engagement zone
JFACC Joint force air component commander
METT-T mission, enemy. terrain, troops.

and time available
MEZ missile engagement zone
MSAM mobile surface to air missile
NCTR noncooperative target recognition
ROE rules of engagement
RPV remotely piloted vehicie
SHORAD short range air defense
TAADCOM theater army air defense commana
TACC tactical air control center
TBM tactical ballistic missile
USAADS United States Army Air Defense School
WWII World War II

41



ENDNOTES

'Field Manual 44-100, U.S. Army Air Defense Ooerations.
(Coordinating Draft), {Washington. D.C.: HQ. Department of
the Army. June 1988). p. 5-1. Hereafter cited as FM 44-100.

Field i4anuai 100-5. Operations. kWashington, L.C.:
HQ. Department of the Army. May 1986). p. 17.

3US Army Air Defense Command, Historical Data Book.
(Colorado Springs. Colorado: HQ, US Army Air Defense
Command. 26 September 1969), p. I-I. Hereafter cited as
USAADC Historical Data Book.

'FM44-100. p. D-3.

-USAADC Historical Data Book. p. 1-24.

-USAADC Historical Data Book. p. 1-24.

'Third United States Army. Part 8. AntiaircrartArtillerv Section After-Action Report. (APO 403: HQ, Third

United States Army. Approximately June 1945). p. AAA-z.
Hereafter cited as Third US Army AAA AAR.

'Third US Army AAA AAR, p. AAA-2.

90ffice of Air Force History. Condensed Analysis of the
Ninth Air Force in the European Theater of Operations. (New
Imprint). (Washington. D.C.: Office of Air Force History.
1984), p. 77. Hereafter cited as Ninth Air Force.

10Armed Forces Staff College, Orqanization Combat
Characteristics and Techniques of the Armed Forces.
(Norfolk, VA: Armed Forces Staff College. 1947). p. 80.
Hereafter cited as AFSC.

11 AFSC. p. 80.

"'Third US Army AAA AAR. p. AAA-2.

" Field Manual 4-100. Antiaircraft Artillery Field
Manual: Organization and Tactics or Antiaircraft Artillery.
(Obsolete), (Washington. D.C.: United States Government
Printing Office, 1943), p. 1. Hereafter cited as FM 4-100.

'-'US Army Air Defense School. Air Derense: An
Historical Analysis. Volume I, (Fort Bliss. Texas: US Army
Air Defense School, June 1965), p. 83. Hereafter cited as
U6AADS. Volume 11.

• =FM 4-100, p. 2.

42



' USAADS. Vol II, p. 84.

17Ninth Air Force. p. 79.

L.LField Manual 11-25. Sianal Corps Field Manual:
Aircraft Warning Service. (Obsoletej. (Washington, D.C.:
United States Government Printing Office. 1942). p. I.
Hereafter cited as AWS.

19FM 4-100. p. 9.

!'FM 4-100 p. 14.

-"FM 4-100, p. 14.

"-FM 4-100 pp. 14-15.

-:-FM 4-100, p. 45.

.FM 4-100 p. 67.

.7FM 4-100 p. 46.

-';FM 4-100. p. 10.

-7FM 44-100, p. 6-6.

-FM 44-100. p. 6-7.

-iFM 44-100, p. 6-6.

°IFM 44-10, p. 6-7.

!"FM 44-100. p. 5-4.

ZJ-PHONCON with COL Zigmund J. Roebuck, Commander. 35th
Corps Air Defense Artillery Brigade. 7 Nov 86.

-Carl von Clausewitz. On War, ed. and translated by
Michael Howard and Peter Paret. (Princeton: Princeton
University Press. 1976). p.119. Hereafter cited as On War.

:On War. p 101.

-!OOn War. p 10i.

43



BIBLIOGRAPHY

BOOAS

Brown. Neville. The Future of Air Power. New York: Holmes
& Meier Publishers Inc.. 1986.

Campbell. Cnristopher. Air Warfare: The Fourth Generation.
New York: Arco Publishing Inc.. 1984.

Clausewitz. Carl von. On War. edited and translated by
Michael Howard and Peter Paret. Princeton:
Princeton University Press. 1976.

Epstein. Joshua M. Measuring Military Power: The Soviet
Air Threat to Europe. Princeton. New Jersey:
Princeton University Press. 1984.

Feuchtwanger. E. J. and Mason. Group Captain R. A. Air
Power in the Next Generation. London: The MacMillan
Press LTD. 1979.

Kirkpatrick. Major Charles Edward. Archie in the A.E.F.:
The Creation of the Antiaircraft Service of the United
States Army. 1917-1918. Ft Bliss. Texas: USAADS.
1984.

Mason. Air Vice Marshal R. A. Air Power: An Overview of
Roles. London: Brassey's Defence Publishers. 1967.

Mason. Air Vice Marshal R. A. War in the Thir. Dimension.
London: Brassey's Defence Puniisners. 1966.

Nordeen, Jr.. Lon 0. Air Warfare in the Missile Aae.
Washington. D.C.: Smithsonian Institution Press. i985,

Skinner. Michael. USAFE: A Primer or Modern Air Combat in
Europe. Novato. Calirornia: Presidio Press. 198 .

GO VERNMENT DOCUMENTS

Armed Forces Staff College. Organization Combat
Characteristics and Techniques of the Armed Forces.
Norfolk, VA: Armed Forces Staff College, 1947.

Field Circular 100-26. Air-Ground Operations. Fort
Leavenworth: U.S. Army Command and General Staft
College, 1984.

44



Field Circular 101-1, Organizational and Tactical Reference
Data for the Army in the Field. Fort Leavenworth:
U.S. Army Command and General Staff College, 1984.

Field Circular 101-34. Command and Control on the AirLand
Battlefield: Selected Readings. Fort Leavenworth:
U.S. Army Command and General Staff College, 1984.

Field Circular 101-55, Corps and Division Command and
Control. Fort Leavenworth: U.S. Army Command and
General Staff College. 1985.

Field Manual 4-100, Antiaircraft Artillery Field Manual:
Organization and Tactics of Antiaircraft Artillery.
tObsolete). Washington. D.C.: United States
Government Printing Office, 1943.

Field Manual 11-25. Signal corps Field Manual: Aircraft
Warning Service. (Obsolete). Washington. D.C.: United
States Government Printing Office, 1942.

Field Manual 44-1. U.S. Army Air Defense Artillery
Employment. Washington DC: HQ. Department of the Army.
1983.

Field Manual 44-100. U.S. A Air Defense Operations.
(Coordinating Draft). Washington DC: HQ, Department
of the Army. 1988.

Field Manual 100-5. Operations. Washington DC: HQ,
Department of the Army, 1986.

Field Manual 100-103. Army Airspace Command and Control in a
Combat Zone. Washington DC: HQ. Department of the
Army. 1987.

Office of Air Force History. Condensed Analysis of the
Ninth Air Force in the European Theater of Operations.
(New Imprint). Washington. D.C.: Office of Air Force
History: 1984.

Third United States Army. Part 8, Antiaircraft Artillery
Section After-Action Report. APO 403: HQ. Third United
States Army. approximately June 1945.

United States Army Air Defense Command. Historical Data
Book. Colorado Springs. Colorado: HQ. US Army Air
Defense Command. 26 September 1969.

United States Army Air Defense School. Air Defense: An
Historical Analysis. Ft Bliss. Texas: USAADS. 4
Volumes. 1965.

45



United States Army Ninth Air Force. Flak Facts: A Brief
History of Flak and Flak Intelligence in the Ninth Air
Force. APO 696: HQ. Ninth Air Force. 1945.

BRIEFING SLIDES

USAF Liaison Section. USAF Counterair Operations. Ft
Leavenworth: Presentation to Air Defense Artillery
Students at the Command and General Staff College, May
1988.

U.S. Army Air Defense Artillery School. Air Defense
Artillery. Ft Leavenworth: Presentation to Air Defense
Artillery Students at the Command and General Staff
College. May 1988.

U.S. Army Air Defense Artillery School. Arm Airspace
Command and Control. Ft Leavenworth: Presentation to
Air Defense Artillery Students at the Command and
General Staff College, May 1988.

U.S. Army Air Defense Artillery School. Doctrinal
Development: US Army Air Defense Artillery in ALB. Ft
Leavenworth: Presentation to Air Defense Artillery
Students at the Command and General Staff College, May
1988.

U.S. Army Air Defense Artillery School. FM 44-100, US Army
Air Defense Operations: The Keystone Doctrinal Manual
for the Air Defense Battlefield Operatinq System. Ft
Leavenworth: Presentation to Air Defense Artillery
Students at the Command and General Staff College. May
1988.

U.S. Army Air Defense Artillery School. NATO Command and
Control for Air Defense. Ft Leavenworth: Presentation
to Air Derense Artillery Students at the Command and
General Staff College, May 1988.

U.S. Army Air Defense Artillery School. Theater Counterair
Campaign Planninq. Ft Leavenworth: Presentation to Air
Defense Artillery Students at the Command and Generai
Staff College, May 1988.

PAPERS

Bielefeld, William C. Counterair Operations in the Light
Infantry Division. Fort Leavenworth: School of
Advanced Military Studies. 1986.

Curran. Robert J. The ADA Battalion in the Heavy Division:
Can It Provide the Necessary Support. Ft Leavenworth:
School of Advanced Military Studies, 1986.

89M03131-35-21 Apr 89 46


